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1. Introduction 
 Microelectromechanical systems (MEMS) are miniaturized devices that combine the 
electrical effects with the mechanical ones. The aim is to realize some sensors and actuators 
at a small scale. Downscaling some devices offers some great physical properties. MEMS can 
be found in cares, planes, biology, medicine, telecommunication etc. They emerge at the 
beginning of the 70’s and the first commercialized MEMS were made at the beginning of the 
80’s. 
 Nanoelectromechanical sensors (NEMS) are the next logical step after MEMS. The 
downscaling of some devices close to or below the micrometers offers some new 
possibilities in terms of responsivity and resolution. Some are developed for 
telecommunication. 
 The printed circuit board (PCB) is a non-conductive mechanical support with some 
conductive tracks which connect different electrical devices like chips, surface mounted 
devices (SMD), resistor, capacitor etc. They can have many layers to have a better density of 
components. The layers can be connected by vias. Most of the mechanical support is made 
of FR-4 glass epoxy. The tracks are made of copper and are covered by a thin layer of 
isolation. We can find printed circuit boards everywhere, phones, computers, cars, the 
kitchen etc. It is the simplest way to drive a chip. 
 For this semester project a PCB has to be designed to drive a chip. A source voltage is put at 
the input of the chip. The main part of the chip is a flexural beam resonator and the aim is to 
maximize the power transferred to the detector which is put at the output of the chip. 
 First, we are interested in the theory. We talk about the flexural beam resonator and its 
functioning. The resonator has an equivalent circuit model which is represented by a RLC 
circuit with a capacitance in parallel called background noise. The concept of reflective 
waves will be introduced to understand how to drive the chip. To avoid reflective waves, we 
need to put some components between the chip and the source/detector. It is called the 
matching. The concept of two different matching is introduced. The matching with an 
inductor and capacitor (LC-Matching) and the matching with a transformer (Transformer-
Matching). 
 Then, we simulate the electrical behavior of the chip. The results and the simulation of 
many designs are done. The values of the RLC resonator and the value of the background 
noise capacitance are computed. Quite Universal Circuit Simulator (QUCS) is used to analyze 
and maximize the transmitted S-parameter of all the different circuits. First, the resonator is 
simulated without the background noise capacitance to see its resonance frequency. A 
match of the resonator is made. Then the background noise capacitance adds complexity to 
the matching. We try to cancel this effect by adding some components in parallel of the chip. 
Several designs are tested in order to have the best peak of resonance frequency. The LC-
matching and the Transformer-matching are compared. Two designs to cancel the 
background noise capacitance are also compared. 
 Based on the commercial availability of the components and the S-parameter results, one of 
these designs is chosen. The schematic library and the PCB library of all the components are 
made on Altium and a first design of the PCB is presented in this report.  
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2. Theory 
2.1 Flexural beam resonator 
 The main part of the chip is a flexural beam resonator. The scheme is shown in Figure 1. 
  
 Figure 1 - Image of the flexural beam resonator 
 The flexural beam is made of a piezoelectric transducer (grey volume between the violet 
parts). An alternative (AC) excitation voltage VIN is put on the electrodes (violet) to actuate 
the transducer with the direct piezoelectric effect. Then, the inverse piezoelectric effect is 
used by the same transducer to sense the amplitude and the frequency of the vibration of 
the beam. It gives the out voltage VOUT. According to the dimension of the electrodes and the 
piezoelectric properties, the beam has a frequency response as shown in Figure 2. fr is the 
resonance frequency of the device in which the amplitude of the vibration is maximum. 
Consequently, the spectrum of the frequency response influences on the out voltage. This is 
the behavior of a resonator.  
  
 Figure 2 - Frequency Response 
2.2 Equivalent Circuit model  
 The resonator can be represented by an equivalent electrical circuit. The equivalent circuit 
model of a resonator is defined by a motional resistor, capacitor and inductor (Rm, Cm and 
Lm) represented in Figure 3. Rm, Cm and Lm are defined by the flexural beam properties and 
piezoelectric effect. C0 is called the “background noise” which is the current passing through 
the capacitor created between the two electrodes of the flexural beam (see Figure 1) since 
the thickness of the piezoelectric layer is small. 
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 Figure 3 - Equivalent circuit of the resonator 
  
 To define the values of the impedances, the direct/inverse piezoelectric effect and the 
resonance frequency of the beam is used. The strain is defined by: 
                 
 The displacement field is defined by: 
                     
   is the strain,     is the compliance matrix,    is the stress,     is the piezoelectric constant, 
   is the electric field,   is the displacement field,     is the dielectric constant and     is the 
young modulus. 
By inserting    in the displacement field equation and adding the resonating effect of the 
beam, the current density is then found by taking the time derivative of the displacement 
field. Then, the current density is integrated over the surface area to get the current: 
   
   
  
                  
   
        
    
      
  
 
   
   
 
  
 
 
  
 
   
 
   is the background noise capacitance,         is the thickness centre of the PZE minus the 
total thickness centre of the beam,   is the length of the beam,   is the width of the beam,   
is the total thickness of the beam,   is the resonance frequency of the beam and  is the 
Q-factor of the resonator. 
We can note that this equation characterizes two elements in parallel: The background noise 
passing through the capacitor C0 and the resonator (second term of the equation). 
C0 and the motional values can be now defined: 
          
  
      
 
For the next computation of the report, we consider the capacitor of the background noise 
as: 
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       is the thickness of the piezoelectric and        is the dielectric constant of the 
piezoelectric.         
   
        
    
      
  
         
      
 
  
    
        
    
 
 
  
    
 
         
      
 
      
        
    
 
 
       
 
(Villanueva, Equivalent Circuit of a Flexural Beam Resonator, 2015)(Enz & Kaiser, 2002) 
2.3 Reflective wave 
 For this project, the concept of reflective wave and wave propagating in the circuit has to be 
introduced. In fact, the current and the voltage in an electric circuit can be considered as a 
propagating electromagnetic wave. The electric field can be compared to the voltage and 
the magnetic field can be compared to the current. When a 50 Ω transmission line or any 
device which has 50 Ω impedance is used, it doesn’t necessarily mean that the impedance of 
this line/device is 50 Ω. It means that the ratio between the propagating electric field and 
the propagating magnetic field inside the line is 50.  
 What is happening when a 50 Ω line is connected with a 100 Ω component? First, we see 
that the electromagnetic wave has to respect the 50 Ω ratio: 
    
     
 
  
 
    
Then, when the electromagnetic wave reaches the 100 Ω component, the wave has to 
respect the 100 Ω ratio: 
    
     
 
   
 
     
We see that there is a contradiction because the electric field gained a value of twice of its 
initial value. In term of energy, it is not possible. To solve this contradiction, a reflective 
wave has to be considered. Consequently, to respect the 100 Ω ratio, the electric field and 
the magnetic field become: 
    
     
 
  
   
     
The magnetic field has decreased in order to respect the 100 Ω ratio. It means that the rest 
has been reflected. However, the phenomenon is more complex because after the 
reflection, the wave has to respect again the 50 Ω impedance ratio. So some electric field is 
also reflected. 
The reflection coefficient is: 
  
             
             
 
If the source has a 50 Ω impedance, to avoid the reflective wave, the load has to have also 
an impedance of 50 Ω. If it is not the case, a matching of the two impedances is needed. 
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The voltage standing wave ratio (VSWR) is a parameter which defines how well the two 
impedances are matched. 
     
     
     
 
If the VSWR parameter is equal to one the impedances are perfectly matched. 
The percentage of power delivered from the source to the load impedance is: 
                       
    
 Again, it can be seen that the reflection coefficient has to be equal to zero to maximize the 
delivered power. 
 (Locher, 2009) 
2.4 Impedance Matching 
 In some cases, the source and the load are not matched. As we have seen in the previous 
chapter, the impedance of the load and the impedance of the source have to be as close to 
equal as possible to have a good matching. To match the source and the load, some 
components between the source and the load can be implemented to change the 
impedances. Figure 4 shows a potential schematic of the impedance matching. There are 
many ways to do the impedance matching. In this project, we are interested in using two 
types of matching: LC-Matching and Transformer-Matching. 
  
 Figure 4 - Impedance matching 
  
 LC-Matching 
 The LC-Matching adds an LC circuit between the load and the source. One capacitor and one 
inductor are used. One of the components is put in parallel (linked to the ground) and the 
other is put in series between the impedances to match. The values of the inductor and the 
capacitor are computed in such a way so that the two impedances are matched. A website 
computes the value of the LC network to have the best match as possible:(Wetherell, 1997) 
 The website gives different possible designs that we can put between the source and the 
load with their specific LC values. The LC values are calculated in such a way that the 
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resistance of the load (generally 50 Ω) has the same resistance as the impedance of the 
source combined with the impedance of the LC-Matching. 
 The impedance of the source and the load have to be set beforehand. It is also important to 
set the working frequency. In this calculation, the Q factor was not considered and was set 
to a random value (There is no effect on the chosen design). The most interesting and easy 
designs to implement are the highpass and the lowpass. No significant difference has been 
noticed between the highpass matching and the lowpass matching. 
 Transformer Matching 
 The transformer changes the ratio between the voltage and the current. By analogy, it is 
changing the ratio between the electric field and the magnetic field of the propagating wave. 
Thus, it is a very suitable way to match two impedances. 
 Figure 5 shows how the matching is done between the impedances ZL and ZS. 
  
 Figure 5 - Transformer Matching 
 The basic equation of an ideal transformer are: 
  
  
  
 
  
  
 
  
  
 
(Perriard & Köchli, 2014) 
To match the impedances ZL and ZS: 
    
    
  
  
  
 
 
    
  is the transformer ratio (look out: according to some softwares or datasheets, the value of 
the transformer ratio can be 
 
 
),   is the number of windings,    is the current at the 
corresponding impedance   ,    is the voltage between the impedance    and the 
transformer and   is the voltage on the impedance   .(Frenzel, 2011) 
3. Evolution of the Project and Results 
3.1 Values of the RLC resonator circuit  and background noise capacitance  
 As seen in the theory, the main part of the chip is a resonator (R, L and C circuit) with a 
background noise capacitance C0 in parallel of the resonator. Table 1 shows the value of the 
flexural beam. 
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 Name of the parameter  Parameter  Value and range 
 Piezoelectric coefficient               
    
 Young modulus               
 Length of the beam              
 Width of the beam                
 Total thickness of the beam                   
 Offset distance of the beam                     
 Resonance frequency               
 Thickness of the piezoelectric                  
 Q-factor          
 Dielectric constant                   
    
 Relative dielectric constant of the piezoelectric                     
 The C0 of the background noise is 10 to 100 times the geometrical capacitance 
 Table 1 -  Dimension of the flexural beam 
 The different values of the capacitance of the background noise are shown in Table 2. 
                   
                           
 Table 2 - Capacitance of the background noise 
 Motional values of the RLC circuit of the resonator calculated on Matlab as a function of 
two different widths of the beam are shown in Table 3. 
              
                                               
                                            
 Table 3 – Motional values of the RLC circuit of the resonator 
 For every simulation, the background noise capacitance is 100 times the geometrical 
capacitor and a width of 5 µm will be considered. 
3.2 Quite Universal Circuit Simulator 
Every circuit simulation for this project is done on the Quite Universal Circuit Simulator 
(QUCS). For the following simulation, the S-parameter is plotted and is normalized at 1. To 
analyze the spectrum of the S-parameter, two alimentation sources with an impedance of 50 
Ω are put on both sides (source and detector) of the circuit. The Sii expresses the reflective 
coefficient and the Sij expresses the transmission coefficient of the propagating wave 
between the “i” and the “j” alimentation sources. We will be only interested in the 
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transmission coefficient and maximizing it. There is no need to set an alimentation voltage 
because the S-parameter doesn’t depend on the value of the voltage. The design and the 
schematic of the electric circuit with the required component for the simulation are shown 
in the next chapter. 
(Jahn & Borrás, 2007) 
3.3 Resonator LC-Matching 
 For all the LC-Matching, these following steps are done: First, the impedance    of the 
resonator is defined.    has to be matched with a 50 Ω impedance which is the impedance of 
the detector. Then, to find the LC-matching, the website that computes the value of L and C 
for the impedance matching is used. The    is considered as the source impedance and the 
50 Ω resistor is considered as the load impedance. The lowpass matching network design is 
taken. 
 First, only the resonator will be matched. The resonator’s impedance is: 
              
 
    
  
Knowing that:        
                 
We note that there is no imaginary part of the impedance because the resonator is working 
at the resonance frequency. 
The value of the inductor and the capacitor are shown in Table 4. These first previous steps 
are going to be explained only for this simple case. 
Inductor Capacitor 
                     
 Table 4 - LC-matching of the Zm 
Figure 6 shows the circuit with the correct value on QUCS. The two alimentation sources are 
placed at both sides of the RLC resonator to do the simulation of the S-parameter. 
 
 Figure 6 - Zm circuit 
 Figure 7 shows the resonator with the computed value of the matching by the website. 
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 Figure 7 - Zm circuit with the LC-matching 
Figure 8 shows the plot of the transmission S-parameter of the resonator as a function of the 
frequency. There is a peak of about          at a resonance frequency of       . Figure 
9 shows the plot of the transmission S-parameter of the resonator with the matching as a 
function of the frequency. The peak has a value more than     . 
 
 Figure 8 - S-parameter of the resonator 
 
 Figure 9 -  S-parameter of the matched resonator 
 
The signal is almost improved by two orders. The matching is already well realized. 
3.4 Resonator with background noise LC-matching 
 Let’s see the S-parameter of the resonator when the background noise is considered. The 
impedance of resonator with the background noise capacitance is: 
         
         
                    
The value of the LC-matching of       is calculated on the website and is shown in Table 5. 
Inductor Capacitor 
                     
 Table 5 - LC-matching of Zr,C0 
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The circuit of Zr,C0  with the matching is shown in Figure 10. 
  
  
 Figure 10 - Zr,C0 circuit with the LC-matching 
 The S-parameter of the resonator with C0 is shown in Figure 11 and Figure 12. 
  
 Figure 11 - S-parameter of the resonator with C0: wide 
spectrum 
  
 Figure 12 - S-parameter of the resonator with C0: Focused 
on the resonance frequency 
 It can be seen that the capacitance of the background noise acts like a highpass filter (Figure 
11) and the peak is situated on the slope of this highpass filter at the resonance frequency of 
the resonator (Figure 12).  
 Figure 13 shows the transmitted S-parameter of the resonator with C0 and with the 
matching. 
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 Figure 13 - S-parameter of the matched resonator with C0 
 The plot of the S-parameter shows that the LC-matching does amplify the resonance 
frequency. Therefore the peak shown in Figure 12 is locally amplified and the result is shown 
in Figure 13. This is why we see a wide peak combined with a reversed small one. Of course, 
this is not suitable to measure anything. 
 The matching of this resonator with the LC-matching values of the simple resonator (Table 
4) has been tried with no conclusive results. 
3.5 Cancellation of the background noise  with LC-matching 
 Clearly, the problem in the previous chapter is the background noise capacitance. A way to 
cancel it is to add another line parallel to the chip which does the reversed effect of the 
background noise capacitance. There are different ways to do it: 
 Phase shifter with a Capacitor 
 The additional line uses a phase shifter that shifts the signal by an angle of 180 degrees. For 
the simulation, a phase shifter is used but in practice, a power splitter is going to be used. 
The power splitter creates another signal with a shifted angle of 180 degrees. A capacitor of 
the same value as the background noise capacitance is added in series. Thus, a background 
noise signal with the same amplitude but with an opposite angle is created and will cancel 
the background noise. 
 Figure 14 shows the circuit with the phase shifter and the capacitor in parallel of the 
resonator with a following LC-matching. 
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 Figure 14 – Ztot circuit with a LC-matching 
  
 The total impedance of the chip with the background cancellation is: 
           
            
  
                  
If we consider that the background noise is cancelled, the LC-matching of only    is tried 
(Values of the matching are shown in Table 4). 
Figure 15 and Figure 16 show the comparison of the S-parameters between the unmatched 
signal and the LC-matched signal with   . 
 
 Figure 15 - S-parameter of the chip with background 
cancellation 
 
 Figure 16 - S-parameter of the chip with background 
cancellation LC-matched with Zm 
  
First, we see that the background noise is cancelled. Additionally, there is an improvement 
of more than twice than the unmatched signal but it is not sufficient. So the LC-matching of 
     is tried. 
 Semester Project Christian Clerc 
 16 
  
The value of the LC-matching is shown in Table 6  
Inductor Capacitor 
                  
 Table 6 - LC-matching's value of Ztot 
Figure 17 shows the plot of the S-parameter in function of the frequency with the LC-
matching of     . 
 
 Figure 17 - S-parameter of the chip with background cancellation LC-matched with Ztot 
The improvement is about 40 times better. It is clearly better than the matching with   . 
 Inductor in parallel 
 With this method, the goal of the line is to cancel the impedance generated by the 
background capacitance with an inductor in parallel. The overall impedance is: 
      
          
 
       
  
  
 
So we want that the contribution of    is cancelled: 
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The overall impedance becomes: 
      
Figure 18 shows the circuit with the inductor in parallel and with the LC-matching. 
 
 Figure 18 - Circuit with the inductor cancellation line and a LC-matching 
To match this circuit, the impedance        is used. The values of the LC-matching are 
shown in Table 4. 
 
 Figure 19 - Unmatched ZL 
 
 Figure 20 - LC-Matched ZL 
 
The improvement of the signal is about 40 times better. 
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We can see that the cancellation of the background noise works well and if the right LC-
matching is chosen, it can improve the signal of about 40 times. 
(Villanueva, Background Noise Cancellation line of a flexural beam resonator, 2015) 
3.6 Cancellation of the background noise with the transformer matching  
 Problem of the LC-matching 
 The problem of the LC-Matching is its small bandwidth. We see that the LC-matching works 
very well with QUCS because all the parameters are exactly defined. Therefore the LC-
Matching is convenient for some well known circuits. However, in practice and in the 
project, some parameters of the circuit are approximated (the resonance frequency and 
background noise capacitance of the flexural beam). Additionally, the phase shifter has an 
unknown impedance. Consequently the LC-matching is not suitable for this project. The 
bandwidth of the transformer is wider. Therefore, the transformer matching is more 
convenient for the project and will be used for the next simulations. Note that a perfect 
match is never able to be realized since the overall impedance of the resonator is not exactly 
defined. 
 To demonstrate the limitations of the LC-Matching, the resonance frequency has been 
switched to 8 MHz. The motional RLC elements change and are shown in Table 7. The 
background capacitance remains the same. 
              
                                               
 Table 7 - Motional RLC value of the resonator at 8 MHz 
The matching is tried on this resonator with the background cancellation with the capacitor 
and the phase shifter design (Figure 14). But instead of using the right matching, the 
matching used previously for the resonator at 0.8 MHz is applied. So the values of Table 6 
have been chosen for the simulation. 
Figure 21 and Figure 22 show the plot of the S-parameter at 8 MHz. The unmatched is on the 
left and the “LC-matched” at 0.8 MHz is on the right. 
 Semester Project Christian Clerc 
 19 
  
  
 Figure 21 - S-parameter of Ztot at 8 Mhz 
  
 Figure 22 - S-parameter of Ztot at 8 MHz with LC-matching 
at 0.8 MHz 
  
It can be seen that the circuit is not matched at all and is now worse than being unmatched.  
 Transformer matching of Ztot 
 Instead of an inductor and a capacitor, a transformer is used. The transformer is placed 
between the chip and the alimentation source. The circuit is shown in Figure 23. 
 The transformer ratio is: 
   
      
    
  
      
  
       
The value of the transformation ratio is set at 16 for the simulation. 
  
  
 Figure 23 - Circuit of Ztot with the transformer matching 
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 Figure 24 and Figure 25 compare the S-parameter value of the chip with the S-parameter 
value of the chip with the matching. 
  
 Figure 24 - S-parameter of Ztot 
  
 Figure 25 - S-parameter of Ztot with T-matching 
 There is an improvement of a factor 10 when the chip is matched with the transformer. 
 Bandwidth of the transformer 
 We have showed with an example previously that the LC-matching has a small bandwidth. 
Let’s test now the bandwidth of the transformer. 
 As previously, the equivalent circuit is set with a resonance frequency at 8 MHz (see Table 
7). The background noise and the cancellation line with the capacitor and the phase shifter 
are considered (see Figure 23). 
Figure 26 and Figure 27 show the plot of the S-parameter at 8 MHz. The unmatched is on the 
left and the “Transformer-matched” at 0.8 MHz is on the right. 
  
 Figure 26 - S-parameter of Ztot at 8 MHz 
  
 Figure 27 - S-parameter of Ztot at 8 MHz with T-matching 
at 0.8 MHz 
 We can see that there is still an improvement of a factor two even if the frequency has been 
switched. This is why it is more convenient to use a transformer. 
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 3 -Transformers matching of Ztot 
 A matching can be also done on the left side of the circuit. Figure 28 shows the circuit of the 
matching of the chip. 
The transformation ratio on the left side has to match the impedance from the 50 Ω 
impedance of the power splitter and the impedance of the chip: 
   
    
      
  
  
      
        
The value of the transformation ratio is set at 
 
  
        for the simulation. 
Figure 28 shows the circuit of the 3 Transformers-matching. 
  
  
 Figure 28 - Circuit of Ztot with 3 transformers matching 
 The matching is unnecessary between the source and the power splitter. Since the power 
splitter also has an impedance of 50 Ω. To do the matching between 50 Ω impedance of the 
power splitter and     , two additional transformers are used. One for the chip and one for 
the cancellation line (see Figure 28). 
 Figure 29 shows the S-parameter of the chip in function of the frequency and Figure 30 
shows the S-parameter of the chip with the 3T-matching in function of the frequency. 
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 Figure 29 - S-parameter of Ztot 
  
 Figure 30 - S-parameter of Ztot with the 3T-matching 
 The improvement is more than 100 times better. It is better than the single transformer 
matching. 
 Another way to cancel the background noise capacitance is to put in parallel of the chip a 
phase shifter with an attenuator. We could have a nice plot of the S-parameter with a good 
matching. Unfortunately, the file has been lost and the data couldn’t be found again. Some 
other simulations of this design have been tried but weren’t successful. 
4. Choice of design and Components 
We have to consider that the impedances on QUCS are ideal and the components on the 
market are real. To define which design of chapter 3 is the best, some criteria have been 
established: 
- The nominal value should correspond to the value of the value of the simulation.  
- The frequency range should be from        to       
- Since the values of all the motional elements of the resonator are not exactly 
defined and we don’t know the value of the background capacitance (it can be 10 
or 100 times the geometrical capacitance between the two electrodes), some 
variable components need to be chosen. 
- The variable components have to be tunable with a screwdriver due to an easier 
handling of the device. 
- The components need to be “Surface Mounted Devices” (SMD) because a PCB is 
used. 
- The bandwidth of the matching cannot be small. 
4.1 LC-matching or Transformer matching  
 As said in the chapter “Problem of the LC-matching”, the LC-matching is not going to be 
chosen due to its small bandwidth. So the discuss will be only about the transformer and the 
choice of a right cancellation line. The matching with three transformers is chosen because it 
has a higher transmission coefficient at the resonance frequency than the single transformer 
matching. 
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4.2 Inductor cancellation line 
 The cancellation line with the inductor is not doable. As seen in the chapter “Inductor in 
parallel” the value of the inductor is             . On the market, higher the nominal 
value of a variable inductor is, lower its frequency test is. Unfortunately, for these kind of 
variable inductors, the frequency test is not higher than        . 
4.3 Phase shifter with attenuator cancellation line  
 No variable attenuators which can be tuned by a screwdriver have been found. All of them 
are tuned digitally or with a DC-voltage which is not convenient for the project. No variable 
phase shifters which are SMD have been found. 
4.4 Phase shifter with capacitor cancellation line  
 For this design, a phase shifter of 180 degrees phase shift angle is needed. A power splitter 
is used. Some SMD power splitter is found on the market. The right value of the capacitor 
has to be set. A lot of different variable capacitor can be found on the market. Plus, they can 
be tuned with a screw driver.  
 The design with three transformers matching and the cancellation line with the phase 
shifter and the variable capacitor seems to be the most convenient according to the 
available components on the market (see chapter “3 -Transformers matching of Ztot”). 
4.5 List of components 
 The website and the data sheet of the components are listed at the very end of the report. 
5. PCB on Altium 
 According to the datasheets of the entire three components, the schematic library and the 
PCB design of the components has been done. The entire circuit design has been done on 
Altium. Figure 31 shows a first try and the design can be surely improved. The design of the 
transformers should be different. 
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 Figure 31 - First design on Altium 
6. Conclusion 
 In the theory, we have been able to define the values of the RLC resonator with the 
background noise capacitance and how the flexural beam works. The concept of a 
propagating wave has been explained and allowed to conclude how to have the best 
matching as possible. The values of the two impedances have to be as close as possible 
(most of the time 50 Ω). We have been able to define how to match with an inductor and a 
capacitor and how to match with a transformer. 
 In the semester project, Quite Universal Circuit Simulation was a very useful software for 
plotting the S-parameter, thus to analyse different designs and different types of matching. 
 The LC-matching of the resonator without the background noise has been done. It showed a 
peak at the wanted resonance frequency and the LC-matching has been successful. We 
noted an improvement of about 2 orders. 
 To solve the problem of the background noise, a background noise cancellation line has 
been added in parallel to the chip. Two designs have been proposed. The first design 
comprises a phase shifter with a phase shift of 180° and a capacitor of the same value as the 
background noise capacitance are added in series. The second design comprises an inductor 
which cancels the impedance generated by the background noise capacitance. The LC-
matching and the transformer matching have been successfully simulated (improvement of 
the transmission S-parameter of at least 1 order). Finally an improvement of 2 orders has 
been successfully simulated with a design of 3 transformers. 
 We compared the different designs and we note that the disadvantage of the LC-matching 
is its too small bandwidth. It requires knowing the exact value of all parameters of the 
resonator and its resonance frequency which is not the case. The best way therefore to do a 
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matching in the case of the flexural beam resonator is to use some transformers. In fact, the 
transformers have a possibility to match well the impedances even if the values of the 
elements of the resonator are not well defined. The 3-transformers matching design has 
been chosen for this project. 
 According to what is available on the market, the “cancellation line” with a power splitter 
and a variable capacitor seems to be the most suitable design for the PCB because of the 
easy handling of a variable capacitor with a screwdriver. 
 We have proposed a first PCB design of Altium. It can be improved in term of density and 
visibility. 
 What about the future steps? 
The PCB design has to be improved so that it can be more dense and understandable. For 
more information about the fabrication of the PCB, Peter Brühlmeier is the responsible of 
PCB fabrication at the EPFL. The GERBER files of all the layers have to be created and can be 
uploaded on the website. The useful information is given in the next page in the chapter 
“References and useful information”. 
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8. Datasheets 
Power Splitter: 
Datasheet: 
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PCB Layout: 
  
 Semester Project Christian Clerc 
 29 
  
Transformer:  
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 Variable Capacitor: 
  
